INTRODUCTION
Foot and mouth disease (FMD) is endemic in India. Of the seven serotypes of virus, four (O, A, C, and Asia 1) are prevalent in the subcontinent (1) . While type O accounts for most outbreaks (50-60%), type Asia 1 takes second place with 15-20%, followed by type A (10-15%) and type C (1-5%). While no significant antigenic variation has been encountered in type C isolates of Indian origin (unpublished findings), types O and A have been shown to exhibit moderate to significant antigenic variation (ll, 4) . Some of these have also been blamed for breakdown of vaccine immunity (5) .
Evidence of antigenic variation in Indian strains of serotype Asia 1 was presented by Rai (6) who further reported the characterisation of a new subtype, Asia 1/2 (7) on the basis of complement fixation tests.
The present study was aimed at further elucidation of the antigenic variation among type Asia 1 strains of Indian origin, as well as at selection of an appropriate vaccine strain.
MATERIALS AND METHODS

Virus strains
The vaccine strain Asia 1 India 8/79 was obtained from Wellcome FMD Laboratory, Pirbright, UK, as a suspension of baby hamster kidney (BHK 21 Cl. 13) cells. Ten strains were obtained from the World Reference Laboratory for FMD at Pirbright as primary bovine kidney, primary bovine thyroid or porcine kidney (IBRS-2) cell culture isolates. Two strains (Asia 1 HAH 17/86 and HAH 19/86) were obtained in cattle tongue epithelium from Haryana Agricultural University, Hissar. The vaccine strain Asia 1 63/72 was obtained from Indian Veterinary Research Institute, Bangalore. The remaining twelve strains were isolated in our laboratory at Hyderabad. All the isolates were serially passaged in BHK cell lines until fully adapted. Details of virus isolates included in the study and their passage histories are given in Table I .
Reference viruses and antisera
Antisera prepared against vaccine strains Asia 1 India 8/79 and Asia 1 63/72, and against field strains Asia 1 India 11/80, Asia 1 RAB 64/85 and Asia 1 WBN 117/85 were employed for reference. Anti-140S guinea pig serum against all the strains was prepared as described by Rweyemamu et al. (10) . Briefly, 140S antigen inactivated with BEI (binary-ethyleneimine) and purified by sucrose density gradient was emulsified with Freund's incomplete adjuvant and inoculated intramuscularly into the hind leg of guinea pigs. A booster dose was administered 21 days later. Ten days after the second dose, the guinea pigs were bled and their serum pooled before use.
Serum was obtained from cattle vaccinated with the vaccine viruses Asia 1 IND 8/79 and Asia 1 63/72. After preliminary analysis with anti-140S guinea pig antisera, strain Asia 1 WBN 117/85 was selected as the vaccine strain, and serum was obtained from cattle vaccinated with it. A group of four to six seronegative steers maintained FMD-free at the Holding Farm of Indian Immunologicals was vaccinated with appropriate monovalent vaccine, repeated after 21 days. The animals were bled on the 35th day and their serum was pooled before use.
Serum neutralisation test
The strains were compared by cross neutralisation in the two-dimensional microneutralisation test described by Rweyemamu et al. (10) . Antigenic diversity was determined in terms of 'r' values obtained as follows: r _ serum titre against heterologous virus serum titre against homologous virus
The 'r' values were calculated from mean titres obtained from three replicate tests. The statistical significance of 'r' values was tested by using an estimated pooled variance of 0.106 (9) . The strains were differentiated at a 99% significance level, which requires a critical 'r' value > 0.24 for a strain to be declared homologous in a three replicate test.
RESULTS AND DISCUSSION
The antigenic relationships among Indian isolates of type Asia 1 FMD virus, expressed as 'r' values, are presented in Table II for anti-140S guinea pig serum and in Table III for serum from vaccinated cattle. A broad antigenic spectrum was exhibited by the vaccine strain Asia 1 63/72 when anti-140S sera were employed. The 1979 The , 1984 The , 1987 Gujarat isolates and one isolate each from Andhra Pradesh, Tamil Nadu and Orissa appeared to be divergent. However, while higher 'r' values were obtained against divergent Gujarat isolates, the overall spectrum with serum from vaccinated cattle was narrower than that with anti-140S guinea pig serum.
On the basis of 'r' values from anti-140S antiserum and bovine serum, most of the strains were related to Asia 1 WBN 117/85 (Tables II and III As for the other two strains employed for reference, the Tamil Nadu strain (Asia 1 IND 11/80) presented a broader spectrum than the Rajasthan strain (Asia 1 RAB 64/85). While 13 strains out of 26 studied showed divergence from Rajasthan strain, 18 strains were heterologous to the Tamil Nadu strain. Gujarat isolates appeared to be closer to Asia 1 IND 11/80 (Southern region), than to the strain Asia 1 RAB 64/85 which is from the Northwestern region of the country. However, strains from the state of Rajasthan gave 'r' values > 1, exhibiting homology with Asia 1 RAB 64/85 which originated in the same state.
Evidence of antigenic variation among Indian type Asia 1 viruses based on complement fixation test results employing guinea pig hyperimmune serum against live FMD virus (5) has been presented in detail by Rai (6) and Rai and Goel (7). However, the preference for the serum neutralisation test using serum against inactivated and purified 140S antigen for strain differentiation is well documented (8) and endorsed by the Permanent Subcommittee on FMD of the International Association of Biological Standardisation (2).
Results obtained in our laboratory show that cross neutralisation of field strains with serum from vaccinated cattle simulates the performance of candidate or vaccine strains, as expected from incorporation in the vaccine.
Strain Asia 1 WBN 117/85 had the broadest antigenic spectrum. Except for the strain from Nizamabad (Andhra Pradesh, 1987), all appear to be closely related to this candidate vaccine strain.
These studies show that there is considerable antigenic variation among Indian type Asia 1 strains, with some evidence of antigenic drift over the years. However, uncontrolled livestock movements over vast territories might be responsible for antigenic divergence among strains which are contemporary in time and space. The strain Asia 1 WBN 117/85 exhibited a broad antigenic spectrum and has been recommended for incorporation in the quadrivalent vaccine.
The antigenic relationship of field strains, originating from a particular region, to vaccine strain varies from homologous to divergent in nature. This observation indicates the necessity of continuous monitoring of field strains and incorporating more than one virus strain of a particular virus type in vaccine to control the disease, depending on the serological spectrum of candidate virus strains.
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